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Our Ref: MOR-262-A PATENT 

SAFETY DEVICE AGAINST CRANE OVERTURNING 
Technical Field 

[0001] The present invention relates to a safety device against crane overturning 
which device prevents a crane from overturning during operations. 

Background Art 

[0002] As shown in Figure 13, a conventional crawler crane 1 comprises a traveling 
member located below a frame 1 1 and traveling using a crawler, and lateral pairs of 
(a total of four) outriggers A, B, C and D provided at a front and rear ends, 
respectively, of the frame 1 1 to ensure safety during operations (see JP2002-3 172A). 
[0003] Examples of a safety device against crane overturning include a moment 
limiter device using a microcomputer and a safety device against overturning 
comprising a flexing structure interposed between an outrigger main body and a 
ground panel, detecting means for detecting the amount of flexure, and control 
means for outputting an alarm or shutting off a hydraulic circuit when the amount of 
flexure exceeds a predetermined set value (see JP6-63577U). 
[0004] A safety device against overturning implements predetermined overturning 
preventing means by using a load detector to detect the ground reaction to each 
outrigger, finding the ratio of the smallest of the sums of the ground reactions to 
every two longitudinally or laterally adjacent outriggers to the sum of the ground 
reactions to all the outriggers, and comparing the value of the ratio (safety) with a 
predetermined safety reference value (see JP10-721 87A). 

[0005] This safety device against overturning prevents overturning by executing the 
process described below. 



[0006] The ground reactions Pa, Pb, Pc and Pd to the four outriggers A, B, C, and D 
are detected. 

[0007] The sums of the ground reactions to every two longitudinally or laterally 

adjacent outriggers are calculated to find the minimum value Smin. 

[0008] SI = Pa + Pb 

[0009] S2 = Pb + Pc 

[0010] S3 = Pc + Pd 

[0011]S4 = Pd + Pa 

[0012] ( 3) The sum of the ground reactions to all the outriggers is found. 
[0013] ZPi = Pa + Pb + Pc + Pd 
[0014] (4) Safety is determined. 
[0015] R = Smin/ZPi 

[0016] (5) The value for safety R is compared with a predetermined safety reference 

value R0. If R > R0, the device determines that the crane is safe. If R < R0, the 

device determines that the crane may overturn to actuate an alarm lamp. 

[0017] However, this safety device against overturning poses the problems described 

below. 

[0018] In connection with the overturning performance of the crane, the crane has a 
fixed overturning moment. Accordingly, a rated load Wr regulating the upper limit 
of a lifting load W decreases with increasing working radius r. 
[0019] The sum ZPi of the ground reactions to all the outriggers is equal to the sum 
of the lifting load W and the weight of the machine body (fixed). Accordingly, an 
increase in working radius r and a decrease in rated load Wr reduce the sum ZPi of 
the ground reactions to all the outriggers. 

[0020] When the safety device against overturning outputs an alarm, the relationship 
between the safety R and the safety reference value R0 is R < R0. Since R = 
Smin/ZPi, a decrease in the value of the sum ZPi of the ground reactions reduces the 
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minimum value Smin of sums of the ground reactions to every two adjacent 
outriggers at which value the alarm is output. 

[0021] That is, an increase in working radius r reduces the minimum value Smin of 
sums of the ground reactions to every two adjacent outriggers at which value the 
alarm is output. This lowers the reference value for the reaction at which value an 
alarm for crane overturning is output. The reference value approaches zero. 
[0022] When the minimum value Smin of sums of the ground reactions to every two 
adjacent outriggers at which value the alarm is output approaches zero, this means a 
short time interval between the output of the alarm and overturning. That is, a 
slight overload may cause the outriggers to float. Consequently, if the crane is 
violently operated with a large working radius r, inertia acting on a cargo or a boom 
may lower the value for safety R below the safety reference value R0. Then, the 
outriggers may float immediately after the alarm has been output. This may cause 
the crane to overturn. 

[0023] Further, each of the outriggers A, B, C, and D of the crawler crane 1 
comprises an attaching member 13 supported by the frame 1 1 using a rotatively 
moving shaft 12 so that the attaching member 13 is rotatively movable in a 
horizontal direction, a base end arm 15 supported by the attaching member 13 using 
a rising and lying shaft 14 so that the base end arm 15 can be freely raised and laid, 
an intermediate arm 17 supported by the base end arm 15 using a rising and lying 
shaft 16 so that the intermediate arm 1 7 can be freely raised and laid, a leading end 
arm 18 slidably fitted into the intermediate arm 17, a ground contact portion 19 
pivotably connected to a leading end of the leading end arm 18, and an outrigger 
cylinder 20 provided between the attaching member 1 3 and the base end arm 15 to 
raise and lay the base end arm 15, as shown in Figure 14. 

[0024] With the safety device against overturning of the crawler crane 1, the load 
detector is commonly provided between the leading end arm 1 8 and the ground 
contact portion 1 9. 
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[0025] However, in this case, the electric wiring between the load detector and the 
calculating portion of the safety device against overturning must be laid through the 
sliding portion between the leading end arm 1 8 and the intermediate arm 1 7 and the 
rotative moving portions between the intermediate arm 1 7 and the base end arm 15, 
between the base end arm 15 and the attaching member 13, and between the 
attaching member 1 3 and the frame 1 1 . Consequently, the electric wiring is 
cumbersome and is likely to be broken. 

[0026] To avoid this problem, the load detector 2 may be provided at a base end of 
the outrigger cylinder 20 or a base end of the base end arm 15. 
[0027] However, if the load detector 2 is installed at such a position, the force 
exerted on the load detector 2 is much stronger than the ground reaction acting on the 
ground contact portion 1 9. 

[0028] For example, if the load detector 2 is provided at the base end of the outrigger 
cylinder 20, if the rising and lying shaft 14 at the base end of the base end arm 15 is 
defined as the center of a moment attributed to the ground reaction, the product of 
the ground reaction P acting on the ground contact portion 1 9 and the overhang 
distance La of the outrigger is equal to the product of the force F exerted on the load 
detector 2 and the distance Lb between the rising and lying shaft 14 and an attaching 
pin 2 1 of the outrigger cylinder 20. That is, the following equation can be given. 
[0029] P x La = F x Lb 

[0030] Accordingly, the ratio of the force F exerted on the load detector 2 to the 
ground reaction P is: 
[0031] F/P = La/Lb. 

[0032] Therefore, if the overhang distance La of the outrigger is 1 .5 m and the 
distance Lb between the rising and lying shaft 14 and the attaching pin 21 of the 
outrigger cylinder 20 is 0.3 m, the force F exerted on the load detector 2 is five times 
as strong as the ground reaction P. 
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[0033] If the load detector 2 is composed of, for example, a load cell (see 
JP2001-220086A) having a strain gauge on a coil spring, the force F exerted on the 
load detector 2 increases, resulting in the need for a larger coil spring. This requires 
an increase in the size of the load detector 2. 

[0034] However, the crawler crane 1 must be made compact to prevent an increase in 
the width of the crawler so as to meet the requirements for transportation using a 
transport vehicle. Thus, the size of the outriggers A, B, G, and D must be 
minimized. This limits the outside dimensions of the load detector 2, thus 
precluding the free selection of an installation position. 

[0035] On the other hand, if a boom 5 is located on any of the outriggers A, B, C, and 
D, the crawler crane 1 is unlikely to overturn. That is, in this state, the crawler 
crane 1 does not overturn in spite of an excessive lifting load W. As a result, the 
boom 5 or the like may be overloaded and damaged. 

Disclosure of the Invention 

[0036] It is an object of the present invention to provide a safety device against crane 
overturning which solves the above problems and which can prevent safety from 
being degraded as a result of a change in working radius, the safety device allowing 
the outside dimensions of a load detector to be reduced to enable a heavy load to be 
detected and making it possible to prevent electric wiring from being broken as a 
result of provision of the load detector between a leading end arm and ground contact 
portion of an outrigger. 

[0037] It is also an object of the present invention to provide a safety device against 
crane overturning which stops the operation of a crawler crane or outputs an alarm 
before a lifting load becomes excessive and equal to a crane strength limit load that 
may damage the crawler crane, thus preventing the crawler crane from being 
damaged and improving the safety of crane operations. 
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[0038] To accomplish these objects, the present invention provides a safety device 
against crane overturning which operates in a crawler crane comprising at least four 
outriggers in a frame, the safety device comprising a load detector that detects a 
ground reaction to each of the outriggers, and an alarm output section which 
calculates sums of detected values for ground reactions to every two adjacent 
outriggers to find a minimum value of the sums, comparing the minimum value 
obtained with a preset preliminary reference value and a preset limit reference value, 
and outputting a preliminary alarm signal when the minimum value is smaller than 
the preliminary reference value or outputting a limit alarm signal when the minimum 
value is smaller than the limit reference value. 

[0039] In the safety device against crane overturning, the alarm output section 
calculates the sums of the detected values for the ground reactions to every two 
adjacent outriggers on the basis of the values detected by the load detector to find the 
minimum value of the sums. The alarm output section compares the minimum 
value obtained with the preset preliminary reference value and the preset limit 
reference value. The alarm output section then outputs the preliminary alarm signal 
when the minimum value is smaller than the preliminary reference value or outputs 
the limit alarm signal when the minimum value is smaller than the limit reference 
value. 

[0040] Accordingly, an increase in working radius does not reduce the minimum 
value of sums of the ground reactions to every two adjacent outriggers at which 
value the alarm is output. This makes it possible to prevent safety from being 
degraded as a result of a change in working radius. 

[0041] Further, it is unnecessary to calculate the sum of the ground reactions to all 
the outriggers or the ratio of the minimum value of sums of the ground reactions to 
every two adjacent outriggers to the sum of the ground reactions to all the outriggers. 
This simplifies calculating processes. 
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[0042] The load detector is provided with a coned disk spring which serves as an 
elastic member supporting a load. This serves to reduce the size of the load 
detector to enable a heavy load to be detected. Consequently, no problem occurs 
even if the force exerted on the load detector becomes stronger than the ground 
reaction acting on the ground contact portion. This enables the installation position 
to be freely selected. 

[0043] The load detector is provided at a base end of an outrigger cylinder or at a 
base end of a base end arm. This prevents electric wiring from being broken as a 
result of provision of the load detecting device at a leading end of a boom. 
[0044] The safety device comprises setting switching means for enabling a 
preliminary reference value and a limit reference value to be switched and set in 
accordance with an overhang distance of each outrigger. This enables an 
appropriate alarm to be output even if the crane is used with the outriggers set for a 
different overhand distance. 

[0045] The safety device comprises operation switching means for switching the 
safety device between an inoperative mode and an operative mode depending on 
whether the crawler crane is in a traveling mode or in a crane mode. Consequently, 
the safety device against crane overturning can be made operative when the crawler 
crane is in the crane mode and can be made inoperative when the crawler crane is in 
the traveling mode in which the safety device need not be actuated. 
[0046] Moreover, the safety device against crane overturning comprises a damage 
preventing device including a boom length detector that detects the length of a boom, 
a boom angle detector that detects the angle of the boom, a load detector that detects 
a lifting load, and a calculation control section which determines a limit load used to 
prevent damage and corresponding to a working radius, on the basis of values 
detected by the boom length detector and boom angle detector, the calculation 
control section then comparing the limit load obtained with a value detected by the 
load detector, and outputting a damage prevention signal when the value detected by 
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the load detector reaches the value for the limit load. Then, the safety device stops 
the operation of the crawler crane or outputs an alarm to call the operator's attention 
before the lifting load becomes excessive and equal to the crane strength limit load 
that may damage the crawler crane. This makes it possible to prevent the crawler 
crane from being damaged. 

Brief Description of the Drawings 

[0047] Figure 1 is a diagram showing the configuration of a safety device against 
crane overturning in accordance with an embodiment of the present invention; 
[0048] Figure 2 is a side view showing a crawler crane during operations; 

[0049] Figure 3 is a side view showing an outrigger in its maximum overhanging 
state; 

[0050] Figure 4 is a side view showing the outrigger in its minimum overhanging 
state; 

[0051] Figure 5 is a side view of a load detector; 

[0052] Figure 6 is a sectional view taken along line E-E in Figure 5; 

[0053] Figure 7 is a diagram illustrating an operation of the safety device against 
overturning; 

[0054] Figure 8 is a diagram illustrating an operation of the safety device against 
overturning; 

[0055] Figure 9 is a side view of the outrigger in which the load detector is attached 
to a base end of a base end arm; 

[0056] Figure 1 0 is a side view of the crawler crane provided with a damage 
preventing device; 

[0057] Figure 1 1 is a block diagram showing the configuration of the damage 
preventing device; 

[0058] Figure 12 is a diagram showing the relationship between a limit load and a 
crane strength limit load with respect to a working radius; 
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[0059] Figure 13 is a plan view of a conventional crawler crane; and 

[0060] Figure 1 4 is a side view of an outrigger in the conventional crawler crane. 

Best Mode for Carrying out the Invention 

[0061] Figure 1 is a diagram showing the configuration of a safety device against 
crane overturning in accordance with an embodiment of the present invention. 

Figure 2 is a side view showing a crawler crane during operations. 
[0062] Figure 3 is a side view showing an outrigger in its maximum overhanging 
state. 

[0063] Figure 4 is a side view showing the outrigger in its minimum overhanging 
state. 

[0064] Figure 5 is a side view of a load detector. 

[0065] Figure 6 is a sectional view taken along line E-E in Figure 5. 

[0066] Figures 7 and 8 are diagrams illustrating operations of the safety device 

against overturning. 

[0067] As shown in Figure 2, a crawler crane 1 comprises an alarm output section 4, 
a boom 5 that can be turned, raised and laid, and expanded and contracted, and a 
traveling member 6 that travels using a crawler; the alarm output section 4 and the 
boom 5 are provided on a frame 1 1, and the traveling member 6 is provided under 
the frame 11. To allow crane operations to be safely performed, a lateral pair of 
outriggers A and B is provided at a front end of the frame 1 1, while a lateral pair of 
outriggers C and D is provided at a rear end of the frame 1 1 ; the frame 1 1 has a total 
of four outriggers. 

[0068] As shown in Figure 3, each of the outriggers A, B, C, and D of the crawler 
crane 1 comprises an attaching member 13 supported by the frame 1 1 using 
rotatively moving shaft 12 so that the attaching member 13 is relatively movabl 
horizontal direction, a base end arm 15 supported by the attaching member 13 using 
a rising and lying shaft 14 so that the base end arm 1 5 can be raised and laid, an 
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intermediate arm 1 7 supported by the base end arm 1 5 using a rising and lying shaft 
1 6 so that the intermediate arm 1 7 can be raised and laid, a leading end arm 1 8 
slidably fitted into the intermediate arm 1 7, a ground contact portion 1 9 pivotably 
connected to a leading end of the leading arm 1 8, and an outrigger cylinder 20 
provided between the attaching member 13 and the base end arm 15 to raise and lay 
the base end arm 15. 

[0069] A leading end of the base end arm 15 is provided with a maximum overhang 
fixing hole 3 1 used to fix the intermediate arm 1 7 so as to maximize the overhang 
distance La of each outrigger, a minimum overhang fixing hole 32 used to fix the 
intermediate arm 17 so as to minimize the overhang distance La of each outrigger, 
and a storage fixing hole 33 used to fix the intermediate arm 1 7 in a storage position. 
The intermediate arm 1 7 can be fixed to the base end arm 1 5 at a varying angle by 
aligning an angle fixing hole (not shown) in a base end of the intermediate arm 17 
with the maximum overhang fixing hole 31, minimum overhang fixing hole 32, or 
storage fixing hole 33 and inserting a fixing pin 34 into the aligned holes. 
[0070] Further, as shown in Figure 4, a maximum expansion and contraction hole 35 
is formed at a base end of the leading end arm 1 8. A minimum expansion and 
contraction hole 36 is formed at a leading end of the leading end arm 1 8. The 
intermediate arm 1 7 and the leading end arm 1 8 can be fixed together with the total 
length varied so as to maximize or minimize the overhang distance La of each 
outrigger by aligning the maximum expansion and contraction hole 35 or minimum 
expansion and contraction hole 36 with an expansion and contraction fixing hole 37 
at a leading end of the intermediate arm 1 7 and then inserting a fixing pin 38 into the 
aligned holes. 

[0071] A load detector 2 is attached to a base end of an outrigger cylinder 20 of each 
of the outriggers A, B, C, and D using an attaching pin 21 . 

[0072] As shown in Figures 5 and 6, the load detector 2 comprises a load cell 23 in 
an upper cell case 22 having a pin hole 29 through which the attaching pin 2 1 is 
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inserted. A plurality of coned disk springs 27 are provided between a spring presser 
25 of a shaft 24 and a lower call case 26; the coned disk springs 27 serve as elastic 
members. The elastic force of the coned disk springs 27 holds the upper cell case 
22 and the lower cell case 26 so as to form a gap G between the cell cases. 
[0073] The plurality of coned disk springs 27 are laid on top of one another so that 
half of the coned disk springs face in a direction opposite to that in which the 
remaining coned disk springs face. The shaft 24 is inserted through holes in the 
coned disk springs 27. The spring presser 25 is machined so as to be rounded, that 
is, the spring presser 25 has a rounded portion 28. Accordingly, the coned disk 
springs 27 are arranged so that their outer edges contact the spring presser 25, thus 
preventing the inner edges of the coned disk springs 27 from interfering with the 
rounded portion 28. 

[0074] The shaft 24 must not rust and must be hard enough to receive loads. 
Accordingly, a material for the shaft 24 is stainless steel. 

[0075] When a load is imposed on the load detector 2, the coned disk springs 27 are 
flexed to cause the load cell 23 to output a load detection signal. If the load exceeds 
a set load, the upper cell case 22 is joined to the lower cell case 26 to protect the load 
cell 23 from overload. 

[0076] Further, it is possible to deal with a change in the range of loads measured by 
the load cell 23 by varying the number of coned disk springs 27 stacked. 
[0077] The alarm output section 4 comprises adding means 41, comparing means 42, 
and a controller 43. 

[0078] The process described below is executed when the crawler crane 1 performs 
crane operations. 

[0079] When a working radius r is 2 m as shown in Figure 7, if the maximum lifting 
load is 4,900 N, an overturning moment is 9,800 Nm. 

[0080] For the comparing means 42, a preliminary reference value Fn and a limit 
reference value Fu are set at 1,800 N and 5,000 N, respectively, for a maximum 
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outrigger overhang state. The preliminary reference value Fn and the limit 
reference value Fu are set at 55,000 N and 20,000 N, respectively, for a minimum 
outrigger overhang state. 

[0081] For each of the preliminary reference value Fn and the limit reference value 
Fu, a set value is switched using a maximum/minimum overhang switch 44 
depending on whether the outriggers A, B, C, and D are in their maximum overhang 
state or in their minimum overhang state. 

[0082] When the crawler crane 1 is switched from a traveling mode to a crane mode, 
a power supply 45 for the safety device against overturning is automatically turned 



on. 



[0083] To use the outriggers A, B, C, and D in their maximum overhang state, an 
operator need not operate the maximum/minimum overhang switch 44. This is 
because the set values for the maximum outrigger overhang state are selected by 
default when the device is powered on. 

[0084] Each of the outriggers A, B, C, and D is rotatively moved horizontally in a 
corresponding overhang direction from a storage position on the frame 1 1 as shown 
in Figure 7. The fixing pin 34 is removed from the storage fixing hole 33. The 
intermediate arm 1 7 is lifted. The angle fixing hole is aligned with the maximum 
overhang fixing hole 31. The fixing pin 34 is then inserted through the aligned 
holes. Moreover, the fixing pin 38 is removed from the expansion and contraction 
fixing hole 37. The leading end arm is pulled out. The maximum expansion and 
contraction hole 35 is aligned with the expansion and contraction fixing hole 37. 
The fixing pin 38 is then inserted through the aligned holes for fixation. The 
outrigger cylinder 20 is extended to contact the ground contact portion 19 with the 
ground. The traveling member 6 is thus allowed to float to complete installation as 
shown in Figure 2. 

[0085] Load cells 23A, 23B, 23C, and 23D in the respective load detectors 2 detect 
ground reactions Pa, Pb, Pc, and Pd to the outriggers A, B, C, and D as load values 
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Fa, Fb, Fc, and Fd, respectively; the load detector 2 is provided at the base end of the 
outrigger cylinder 20 of each of the outriggers A, B, C, and D. The load values Fa, 
Fb, Fc, and Fd are then sent to the alarm output section 4. 

[0086] As shown in Figure 3, the load detector 2 is provided at the base end of the 
outrigger cylinder 20. If the rising and lying shaft 14 of the base end of the base 
end arm 15 is defined as the center of a moment attributed to the ground reaction, the 
product of the ground reaction P acting on the ground contact portion 1 9 and the 
overhang distance La of the outrigger is equal to the product of the force F exerted 
on the load detector 2 and the distance Lb between the rising and lying shaft 14 and 
the attaching pin 2 1 of the outrigger cylinder 20. That is, since: 
[0087] P x La = F x Lb, 

[0088] the ratio of the force F acting on the load detector 2 to the ground reaction P 
is: 

[0089] F/P = La/Lb. 

[0090] Therefore, if the overhang distance La of the outrigger is 1.5 m and the 
distance Lb between the rising and lying shaft 14 and the attaching pin 21 of the 
outrigger cylinder 20 is 0.3 m, the detected value F of the load detector 2 is five 
times as strong as the actual ground reaction P. 

[0091] The adding means 41 of the alarm output section 4 calculates the sums of 

values detected by the load cells 23 of every two longitudinally or laterally adjacent 

outriggers. 

[0092] S 1 = Fa + Fb 

[0093] S2 = Fb + Fc 

[0094] S3 = Fc + Fd 

[0095] S4 = Fd + Fa 

[0096] The comparing means 42 compares the sums SI, S2, S3, and S4 of the 
detected values with one another to find the minimum value Smin. 
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[0097] In Figure 7, the boom 5 is located between the outriggers A and D. 

Accordingly, the sum S2 corresponds to the minimum value Smin. 

[0098] Then, the minimum value Smin is compared with the preset preliminary 

reference value Fn. If the minimum value Smin is smaller than the preliminary 

reference value Fn = 1 8,000 N, the controller 43 outputs a preliminary alarm signal. 

[0099] In this case, the ground reaction Pn acting on the ground contact portion 19 is 

3,600 N, one-fifths of the preliminary reference value Fn =18,000 N. 

[00100] Further, when the minimum value Smin is smaller than the preset limit 

reference value Fu = 5,000 N, the controller 43 outputs a limit alarm signal. The 

controller 43 also outputs a stop signal to actuate an unload valve (not shown) in the 

crawler crane 1 to stop the crawler crane 1 . 

[00101] On this occasion, the ground reaction Pn acting on the ground contact 
portion 19 is 1,000 N, one-fifths of the limit reference value Fu = 5,000 N. 
[00102] When the working radius r is 1 m as shown in Figure 8, the maximum 
lifting load is 9,800 N. 

[00103] To use the outriggers A, B, C, and D in their minimum overhang state, the 
operator operates the maximum/minimum overhang switch 44 to switch to the set 
values for the minimum outrigger overhang state. This is because the set values for 
the maximum outrigger overhang state are selected by default when the device is 
powered on. 

[00104] Each of the outriggers A, B, C, and D is rotatively moved horizontally in a 
corresponding overhang direction from a storage position on the frame 11. The 
fixing pin 34 is removed from the storage fixing hole 33. The intermediate arm 1 7 
is lifted. The angle fixing hole is aligned with the maximum overhang fixing hole 
31. The fixing pin 34 is then inserted through the aligned holes. The leading end 
arm 1 8 is not pulled out of the intermediate arm 1 7. The outrigger cylinder 20 is 
extended to contact the ground contact portion 1 9 with the ground. The traveling 
member 6 is thus allowed to float to complete installation. 
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[00105] The load cells 23A, 23B, 23C, and 23D in the respective load detectors 2 
detect the ground reactions Pa, Pb, Pc, and Pd to the outriggers A, B, C, and D as the 
load values Fa, Fb, Fc, and Fd, respectively; the load detector 2 is provided at the 
base end of the outrigger cyl inder 20 of each of the outriggers A, B, C, and D. The 
load values Fa, Fb, Fc, and Fd are then sent to the alarm output section 4. 
[00106] As shown in Figure 4, the load detector 2 is provided at the base end of the 
outrigger cylinder 20. If the rising and lying shaft 14 of the base end of the base 
end arm 15 is defined as the center of a moment attributed to the ground reaction, the 
product of the ground reaction P acting on the ground contact portion 19 and the 
overhang distance La of the outrigger is equal to the product of the force F exerted 
on the load detector 2 and the distance Lb between the rising and lying shaft 14 and 
the attaching pin 2 1 of the outrigger cylinder 20. That is, since: 
[00107] P x La = F x Lb, 

[00108] the ratio of the force F acting on the load detector 2 to the ground reaction 
Pis: 

[00109] F/P = La/Lb. 

[00110] Therefore, if the overhang distance La of the outrigger is 0.75 m and the 
distance Lb between the rising and lying shaft 14 and the attaching pin 21 of the 
outrigger cylinder 20 is 0.3 m, the value F detected by the load detector 2 is 2.5 times 
as large as the value for the actual ground reaction P. 

[00111] The adding means 41 of the alarm output section 4 calculates the sums of 
values detected by the load cells 23 of every two longitudinally or laterally adjacent 
outriggers. 

[00112] Sl=Fa + Fb 
[00113] S2 = Fb + Fc 
[00114] S3 = Fc + Fd 
[00115] S4 = Fd + Fa 
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[00116] The comparing means 42 compares the sums SI, S2, S3, and S4 of the 
detected values with one another to find the minimum value Smin. 
[00117] In Figure 8, the boom 5 is located between the outriggers A and D. 
Accordingly, the sum S2 corresponds to the minimum value Smin. 
[00118] Then, the minimum value Smin is compared with the preset preliminary 
reference value Fn. If the minimum value Smin is smaller than the preliminary 
reference value Fn = 55,000 N, the controller 43 outputs a preliminary alarm signal. 
[00119] In this case, the ground reaction Pn acting on the ground contact portion 19 
is 22,000 N, two-fifths of the preliminary reference value Fn = 55,000 N. 
[00120] Further, when the minimum value Smin is smaller than the preset limit 
reference value Fu = 20,000 N, the controller 43 outputs a limit alarm signal. The 
controller 43 also outputs a stop signal to actuate the unload valve (not shown) in the 
crawler crane 1 to stop the crawler crane 1 . 

[00121] On this occasion, the ground reaction Pn acting on the ground contact 
portion 19 is 8,000 N, two-fifths of the limit reference value Fu = 20,000 N. 
[00122] The load detector 2 may be provided at the base end of the base end arm 15 
as shown in Figure 9, rather than at the base end of the outrigger cylinder 20. 
[00123] Figure 1 0 is a side view of the crawler crane provided with a damage 
preventing device in accordance with another embodiment of the present invention. 
Figure 1 1 is a block diagram showing the configuration of the damage preventing 
device. Figure 12 is a diagram showing the relationship between the limit load and 
the crane strength limit load with respect to the working radius. 
[00124] The crawler crane 1 shown in Figure 1 0 has the boom 5 pivotably 
supported by a column 7 turned on the frame 1 1 and which can be freely expanded 
and contracted and raised and laid. A hook 1 0 is hung from a leading end of the 
boom 5 using a wire rope 9 from a winch (not shown). 

[00125] The crawler crane 1 comprises a safety device against crane overturning 
provided with a damage preventing device. That is, the boom 5 is provided with a 
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boom length detector 51, a boom angle detector 52, and a load detector 54 that 
detects the lifting load by detecting the tension acting on the wire rope 9. Further, 
the alarm output section 4 additionally has a calculation control section 55 used to 
prevent damage. A crane operation stopping means 56 is provided on the frame 1 1 
[00126] A load cell is used as the load detector 54. However, a different system 
may be used which, for example, detects the lifting load on the basis of a difference 
in internal pressure in a rising and lying cylinder of the boom 5. Further, as 
described above, the sum ZPi of the ground reactions to all the outriggers A, B, C, 
and D is equal to the sum of the lifting load W and the weight (fixed) of the machine 
body. Accordingly, the load detector 2 can be used to detect loads. 
[00127] The calculation control section 55 comprises a working radius calculating 
section 57, a limit load calculating section 58, and a comparing section 59. 
[00128] For crane operations, the boom 5 is expanded or contracted or raised or 
laid. A cargo is caught on the hook 10 and is lifted or lowered using the winch. 
[00129] On this occasion, the boom length detector 5 1 detects the boom length Lc 
and the boom angle detector 52 detects the boom angle 9. These detected values 
are sent to a working radius calculating section 57. The load detector 54 detects 
and sends the lifting load W to a comparing section 59. 

[00130] The working radius calculating section 57 determines the working radius r 
on the basis of the boom length Lc and the boom angle 0. The working radius 
calculating section 57 then sends the value of the working radius r to a limit load 
calculating section 58. 

[00131] A limit load WL is preset in the limit load calculating section 58 in 
association with the working radius r; the limit load WL is used to prevent damage 
and is set lighter than a crane strength limit load WB that may damage the crawler 
crane 1 as shown in Figure 1 2. The limit load calculating section 58 determines the 
corresponding limit load WL on the basis of the working radius r sent by the working 
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radius calculating section 57. The limit load calculating section 58 sends the value 
of the limit load WL to the comparing section 59. 

[00132] The comparing section 59 compares the limit load WL obtained by the 
limit load calculating section 58 with the lifting load W sent by the load detector 54. 
When the lifting load W is equal to or heavier than the limit load WL, the comparing 
section 59 sends a stop signal to the crane operation stopping means 56 to stop the 
operation of the crawler crane 1 . 

[00133] The crane operation stopping means 56 is, for example, a solenoid valve 
used to allow the unload valve in an actuating circuit in a hydraulic actuator in the 
crawler crane 1 to perform an unload operation. 

[00134] Alarm generating means 60 may be provided instead of the crane operation 
stopping means 56. Then, when the lifting load W becomes equal to or heavier than 
the limit load WL, the comparing section 59 sends an alarm signal to call the 
operator's attention. 

[00135] Thus, if the boom 5 is located above any of the outriggers A, B, C, and D, 
the operation of the crawler crane 1 is stopped or an alarm is output to call the 
operator's attention before the lifting load W becomes excessive and exceeds the 
crane strength limit load WB to damage the crawler crane 1. This makes it possible 
to prevent not only overturning of the crawler crane 1 but also damage to the crawler 
crane 1. 

Industrial Applicability of the Invention 

[00136] As described above, according to the safety device against crane 
overturning of the present invention, a fixed outrigger overhang distance makes it 
possible to prevent an increase in working radius from reducing the preliminary 
reference value and the limit reference value. It is thus possible to prevent safety 
from being degraded as a result of a change in working radius. 
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[00137] It is unnecessary to calculate the sum of the ground reactions to all the 
outriggers or the ratio of the minimum value of sums of the ground reactions to every 
two adjacent outriggers to the sum of the ground reactions to all the outriggers. 
This simplifies calculating processes. 

[00138] The load detector uses the coned disk spring. This serves to reduce the 
external size of the load detector to enable a heavy load to be detected. 
Consequently, no problem occurs even if the force exerted on the load detector 
becomes stronger than the ground reaction acting on the ground contact portion. 
This enables the installation position to be freely selected. 

[00139] The load detector is provided at the base end of the outrigger cylinder or at 
the base end of the base end arm. This prevents electric wiring from being broken 
as a result of provision of the load detecting device at the leading end of the boom. 
[00140] Moreover, the safety device against crane overturning comprises the 
damage preventing device including the boom length detector that detects the length 
of the boom, the boom angle detector that detects the angle of the boom, the load 
detector that detects the lifting load, and the calculation control section which 
determines the limit load used to prevent damage and corresponding to the working 
radius, on the basis of values detected by the boom length detector and boom angle 
detector, the calculation control section then comparing the limit load obtained with 
the value detected by the load detector, and outputting a damage prevention signal 
when the value detected by the load detector reaches the value for the limit load. 
Then, the safety device stops the operation of the crawler crane or outputs an alarm 
to call the operator's attention before the lifting load becomes excessive and equal to 
the crane strength limit load that may damage the crawler crane. This makes it 
possible to prevent the crawler crane from being damaged. 
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